We present U BV RI broad band, Hα narrow band photometry of the star forming complexes in the infra-red bright galaxy NGC 1084. Results of medium resolution spectroscopy of some of the brighter complexes are also discussed. Spectroscopic data is used to better estimate the internal reddening within the galaxy which is found to be highly variable and to calculate metallicity which is close to the solar value. Diagnostic diagram identifies the shocked regions within this galaxy. The narrow band Hα flux and its equivalent width are used to determine the star formation rates of the complexes and the distribution of ages. Star formation rates for a few of the complexes are found to be as high as 0.5 M ⊙ yr −1 . The star forming complexes lie in the age range 3 Myr to 6.5 Myr. U − B vs V − I colour-colour mixed population model created using the Starburst99 model colours is used to estimate the ages of the stellar populations present within these regions. Using this technique, it is found that the star formation in NGC 1084 has taken place in a series of short bursts over the last 40 Myr or so. It is proposed that the likely trigger for enhanced star formation is merger with a gas rich dwarf galaxy.
INTRODUCTION
Although current theoretical models of star formation histories of galaxies are largely supported by powerful multiwavelength studies, further observational data still remains crucial for understanding chemical evolution, star formation history and the triggering mechanisms for star formation in galaxies. The effects of internal disk structure such as bars and spiral arms play a vital role, but it is the external environmental influences such as tidal interactions and mergers which have much stronger effects on star formation (review by Moorwood 1996 and references therein). Numerous observations have established this link between strong starbursts and merger of galaxies. Several studies of such spectacular systems have been done, few of them being the Antennae (Bastian et al. 2006 , Hibbard et al. 2005 , Kassin et al. 2003 , NGC 6090 (Sugai et al. 2004) , NGC 7252 (Miller et al. 1997 , Schweizer & Seitzer 1998 , NGC 5194 (Calzetti et al. 2005) .
Galaxies evolve not only dynamically but also chemically. Emission line spectra provide estimates of abundance of light elements which are useful towards a study of chemical evolution of galaxies. Dust distribution is highly chaotic in galaxies and may be uniform and clumpy in the foreground, as well as mixed with the emitting region (Calzetti et al. 1994 ). An accurate estimate of reddening is ⋆ E-mail : ramya@iiap.res.in; dks@iiap.res.in; tpp@iiap.res.in necessary for an accurate determination of the emission line ratios which provide an insight into the chemical evolution and help in estimating star formation rates.
In this paper we try to investigate the recent star formation and the star formation history in the spiral galaxy NGC 1084 using narrow band Hα, broad band U BV RI and spectroscopy after obtaining reasonable estimates of the variable internal reddening within the galaxy.
NGC 1084 is classified as SA(s)c in RC3 catalogue (de Vaucouleurs et al. 1991) . Its classification has recently been revised by Eskridge et al. (2002) based on the Ohio State University (OSU) Bright Spiral Galaxy Survey, and is assigned the class of Sbc and Sb based on the B band and H band images, respectively. The H band image of this galaxy reveals a bright nuclear point source, elongated bulge along the major axis, multi arm pattern, without well defined arms, and a number of bright knots. This galaxy is known to have strong nuclear and patchy circumnuclear Hα emission . It possesses kinematically distinct regions, Afanasiev et al. (1988) first detected non-circular phenomena in the central region (R < 5 ′′ ) and in the periphery of the galaxy at around 40 ′′ − 50 ′′ to the north-east from the centre, which was later confirmed by Moiseev (2000) who also drew attention to the "spur" of HII regions in the north-east part of the galaxy which does not follow spiral arms. Condon (1987) mapped the galaxy at 1.49 GHz and noted a continuum source 3 ′ .5 south of the galaxy.
Observations and data reduction are presented in Section 2, results of narrow band, broad band photometry and spectroscopy in Section 3 of this paper. Section 4 discusses stellar populations with star formation rates and abundances of star forming regions. Conclusion is presented in Section 5.
OBSERVATIONS AND ANALYSIS

Optical imaging
NGC 1084 was observed with the 2m Himalayan Chandra Telescope (HCT), Indian Astronomical Observatory, Hanle, India, using the Himalaya Faint Object Spectrograph Camera (HFOSC), equipped with a 2K × 4K SITe CCD chip. The central 2K × 2K region, with a plate scale of 0 ′′ .296/pixel and the total field of view of 10 × 10 arcmin 2 was used for imaging. Observations were done under photometric sky condition on 04 December 2004. The log of imaging observations is given in Table 1 . Images of the galaxy in Bessell's broad band filters U BV RI were obtained. Standard stars from the list of Landolt (1992) were observed to calibrate the broad band photometry. The other calibration frames namely bias frames were obtained throughout the night at an interval of about an hour; evening and morning twilight flats were also taken for flat field correction. Data reductions were carried out using the standard packages available within IRAF 1 software. Images were bias subtracted and flat field corrected using the master bias and master twilight flat frames, respectively, to remove the pixel to pixel variation. The images in different filters were aligned with respect to one another using geometric mapping tasks geomap and geotran, to bring them to the same co-ordinate system. The cosmic ray hits in the images were removed using the cosmicrays task. Sky background in the galaxy frame was estimated at the regions away from the galaxy and not affected by the stars. B band image and B − V colour map of the galaxy NGC 1084 are displayed in Figures 1 and 2 . The formal error introduced in the photometry by the calibration is of the order of 0.03-0.08 mag.
The galaxy images were taken with narrow band Hα (band width ∼100Å) filter. For flux calibration of narrow band Hα image, spectrophotometric standard star Hiltner 102 was observed. The pre-processing steps were similar to the broad band images. Pure Hα line image is obtained by subtracting a psf-matched and scaled version of the continuum image (which includes line emission also) from the Hα image, as described by Waller (1990) . R band image of the galaxy has been used for continuum subtraction. As discussed by James et al. (2004) , for dark nights, the scaled R band exposure gives an excellent continuum subtraction. The continuum subtracted Hα image is displayed in Figure  3 . North is up and East is to the left. Dark and light shades in the image represent blue (B − V =0.19 mag) and red (B − V =0.83 mag) regions, respectively. Nucleus of the galaxy appears red due to large concentration of dust. A break in the spiral arm towards north-east is due to the presence of a dust lane. Size of the image is 3 ′ × 3 ′ slightly offset to the south with respect to Figures 1 and 3 . The dust patch between the nucleus and bright star to the south is seen in Figures 1 and 2 . In addition, in the southern part of the galaxy there is a blue spot below the bright star, continuing along the bridge to the dwarf galaxy (see Section 4). Figure 3 . Continuum subtracted Hα line image of NGC 1084 reveals 27 star forming complexes spread over the face of the galaxy. The circles surrounding the star forming complexes represent the aperture used to get the flux of these complexes. Size of the image is 3 ′ × 3 ′ . The trapezium labeled as M represents the "spur" region of Moiseev (2000) . See Section 4 for explanation.
Optical Spectroscopy
Long-slit spectroscopic observations of the star forming complexes were done with a combination of grism Gr7 and 167l slit (1. ′′ 92 × 11 ′ ), which covers the wavelength range 3800−6840Å with a dispersion of 1.45Å/pixel (corresponds to 82 kms −1 pixel −1 at the central wavelength of 5320Å). To identify the complexes and to align the slit over these complexes, shorter exposures in Hα were taken. We have also determined the exact central coordinates of the complexes with the help of astrometry with respect to the USNO B1 stars registered in the frame. Summary of spectroscopic observations is given in Table 2 .
Spectroscopic reduction involves extraction of the spectra using apall task in specred package of IRAF. Wavelength calibration of the spectra is achieved using the FerrousArgon lamp spectrum. The combination of grism Gr7 and 167l slit gives a spectral resolution of ∼10Å. Spectrophotometric standard Hiltner 600 was used for flux calibration of the spectra. The reduced spectra of the knots have been plotted in Figures 4 and 5. concentration, surrounded by spiral arms, forming a blue ring (B − V = 0.3 mag). The extent of the dust patch at the nucleus as measured from the B − V colour map is ∼1 kpc. The faint extensions seen in the broad band images are blue in colour, indicative of ongoing star formation in these regions too. Comparison of B − V colour image with the pure Hα emission line image (refer Figure 3) shows that the bluer regions in the B − V colour image correspond to the prominent emission regions in the Hα line image, though the sizes of both the regions are not identical, as noted by Elmegreen & Salzer (1999) in a sample of spiral and irregular galaxies. The broad band U BV RI photometry of the complexes is presented in Table 3 . To get accurate photometry, a proper choice of the source and background aperture sizes is important. One of the main source of error in photometry is the crowding of the complexes. It can be seen from the continuum image ( Figure 1 ) and continuum subtracted Hα image (Figure 3 ) that the star forming complexes have different shapes and sizes, which indicates the need to define apertures and background regions for individual complexes. Centres of the complexes were estimated from the continuum subtracted Hα image, and same centres were used to obtain the broad band magnitudes using aperture photometry with the aperture radii overplotted on the continuum subtracted Hα image in Figure 3 and listed in Table 3 . Galaxy background subtraction plays a crucial role in the photometry of star forming complexes. We have estimated the galaxy background in an annulus just beyond the integration aperture of each complex. Photometric calibration of the data is done using Landolt (1992) standards. The reddening correction for different complexes are determined as discussed in Section 3.3.2. The dereddened colours for the complexes are also presented in Table 3 .
Narrow band imaging
As can be seen from the continuum subtracted image (Figure 3 ) of the galaxy, the star forming regions are not well isolated, instead they are extended and distorted and hence make it difficult to define the border of individual region. Many HII regions are overlapping in the image and one will undoubtedly miss a number of HII regions that are too weak to be detected in the vicinity of stronger emitters close by (Rozas et al. 1999) .
Objective criteria have been used in the literature to define the sizes of HII regions with the aim of determining their luminosity functions (Bradley et al. 2006 and Fathi et al. 2007) . Rand (1992) selected the HII regions based on the criteria that they are centrally peaked with the peak flux exceeding the local background by a factor of 1.5. Rozas et al. (1999) selected HII regions only if they comprise of at least nine continuous pixels, each with an intensity of at least 3 times the rms noise level of the local background. Here we apply a similar criterion that the HII regions are centrally peaked with peak flux having an intensity of at least 5 times the rms noise level of the local background. Since our intention is to obtain accurate Hα as well as continuum fluxes for selected regions, we have chosen aperture sizes such that broad band U BV RI magnitudes are accurate to 0.1 mag. This has resulted in clubbing more than one HII region in a single aperture when the underlying continuum is faint.
In this way we group the star forming regions in this galaxy into 27 complexes ( Figure 3) . Haynes et al. (1999) and Koribalski et al. (2004) using HI data calculated the radial velocity of the galaxy as 1411 kms −1 and 1400 kms −1 , assuming velocity = 1407 kms −1 (NED) and H0 = 75 kms −1 Mpc −1 the distance to NGC 1084 is calculated as 18.76 Mpc (1 ′′ corresponds to 91 pc at this distance). The extent of these luminous HII regions varies from a few hundred pc to a few kpc. Almost all the Galactic HII regions have diameters much less than 50 pc. The characteristic diameter obtained by Van den Bergh (1981) for our galaxy is around 44 pc and the minimum characteristic diameter of HII regions obtained for other nearby spiral galaxies was 25 pc. However, Van den Bergh (1981) and Hodge (1987) , in their study concluded that the mean characteristic diameter of HII regions for spirals is around 150 pc. The minimum size of the complex obtained for NGC 1084 is 191 pc for complex C27 and the maximum size obtained is around 1.1 kpc for complex C3. Thus, the star forming complexes identified by us in the continuum subtracted Hα image of NGC 1084 are groups of HII regions, ionized by multiple OB star clusters.
The star formation history of galaxies can be traced using the integrated Hα equivalent widths, which are usually measured spectroscopically, however, the continuum subtracted Hα image of the galaxy can be used more effectively to include emission from the entire complex. One of the main problems in deriving star formation related quantities using narrow band Hα imaging is the need for large and uncertain extinction corrections, and correction for the contribution due to [NII] emission. The spectroscopically measured Balmer decrement is a good tracer of the extinction within the star forming region. Further, the contamination of Hα flux and equivalent widths due to [NII] lines at λ6548Å and λ6584Å is found to vary from galaxy to galaxy (Kennicutt 1992) and within a galaxy (Greenawalt 1998) . It is concluded Table 3 . Reddening corrected magnitudes and colours for each of the complexes. by Dopita et al. (2002) that the Hα imaging can be used as a reliable indicator of star formation in starburst galaxies only if the spectroscopic data is also available to correct for internal extinction and contribution due to [NII] emission. As a first order estimate [NII] emission is taken to be 30% of the total Hα+[NII] flux as given by Kennicutt (1983) . The flux in the star forming complexes have been measured from the continuum subtracted Hα line image, within the aperture listed in Table 3 and corrected for contributions due to reddening measured from the spectroscopic Balmer decrement (see Section 3.3.2) and due to [NII] . The corrected Hα fluxes along with the Hα luminosity for the complexes have been given in Table 4 . The Hα equivalent widths of the complexes estimated using the expression given by Waller (1990) are shown in Table 5 . Strong Hα emission from the complexes is the evidence for a very young (< 8 Myr) population of massive stars (Whitmore et al. 2005) .
Spectroscopy
Emission line fluxes
The integrated fluxes of the main nebular lines Hα, Hβ,
[OII] λ3727Å and [OIII] λ4959,5007Å have been measured from the reduced spectra of the star forming complexes. The measured Balmer line fluxes of star forming regions are always an underestimate of the real flux due to the presence of underlying stellar absorption of hydrogen lines and also the internal extinction due to the dust present in these regions.
The absorption equivalent width due to the underlying stellar population depends on the age of starburst and star formation history (Izotov et al. 1994 , Gonzalez et al. 1999 which is uncertain and hence we adopt a constant absorption equivalent width of 2Å for all the hydrogen lines (Popescu & Hopp 2000 , McCall et al. 1985 , Shields & Searle 1978 . McCall et al. (1985) assumed that the first four Balmer series Hα, Hβ, Hγ and Hδ all have the same absorption equivalent widths similar to the assumption of Shields & Searle (1978) and used Hγ and Hβ equivalent widths to determine the absorption equivalent width of underlying Balmer absorption. The above assumption is valid as the model atmospheres by Kurucz (1979) show that the absorption equivalent widths for Hα, Hβ and Hγ agree to within 30% and Hβ and Hγ equivalent widths agree to within 3% for any given star (McCall et al. 1985) . Shields & Searle (1978) and McCall et al. (1985) tried to obtain a best fit to the theoretical Balmer decrement Hα/Hβ from the observed Hα/Hβ fluxes for which reddening corrections have already been applied, and estimated absorption equivalent widths for 3 HII regions in M101 to be 2Å and 1.9Å, respectively. Here, we adopt this value of 2Å for correcting for the underlying stellar population using Eq. 3 of Kong et al. (2002) The 2Å absorption equivalent width is a factor of 3 lower than would be predicted for a normal unevolved OB association. This fact was explained by McCall et al. (1985) as due to the enhancement of the upper IMF which decreases absorption equivalent widths due to the contribution by the high mass stars of significant continuum flux and whose fractional population increases with the metal abundance. The second alternative explanation for lower value of absorption equivalent width could be that, the OB association might contain evolved stars, supergiant OB stars contributing to the observed continuum flux and thereby diluting the absorption equivalent width to a value ∼2-3Å.
Stellar absorption correction is crucial as the underlying Balmer absorption lines steepen the emission Balmer decrement Hα/Hβ significantly which leads to an overestimate of the extinction which in turn influences the other line ratios. This we tried to check in our spectra while calculating the E(B − V ) values (see Section 3.3.2) for various complexes for which spectra were obtained. E(B − V ) value for complex C7 was found to be 0.76 mag when the stellar absorption correction was not applied and 0.32 mag after the 2Å absorption equivalent width correction. A decrease of ∼0.2 mag in E(B − V ) was observed for several other complexes.
Reddening
The reddening E(B−V ) in the Milky Way in the direction of NGC 1084 as determined by Burstein & Heiles (1984) using the HI column density is 0.013 mag while another estimate by Schlegel et al. (1998) using the COBE and IRAS maps is 0.027 mag. We have taken E(B − V ) = 0.027 mag to correct for the Galactic reddening.
A comparison between pure Hα image and B −V colour image of NGC 1084 reveals that there are several star forming complexes e.g. C1, C9, C10, C11, C21, C22, C23 etc. which are heavily extincted by the dust, whereas there are other complexes which are relatively less obscured, indicating a non-uniform distribution of the dust. In such cases determination of internal reddening within the galaxy is very important. This can be achieved either by classifying the star forming complexes into different extinction bins, according to how much dust is present in the immediate vicinity of the cluster (Hunter et al. 2000) , with a priori knowledge of the variation of the reddening within the galaxy by some other means, or by estimating the reddening for the individual star forming complexes by spectroscopic observations. Here, we have opted for an intermediate approach by determining E(B − V ) spectroscopically for some brighter star forming complexes namely C1, C2, C3, C4, C5, C7, C9, C11, C15, C16, C17, C18 and C20, spread over the face of the galaxy and assigning the same reddening to the other nearby complexes.
The internal extinction due to dust can be estimated by comparing the Balmer line ratio Hα/Hβ obtained after correcting for the underlying stellar absorption to the theoretical Balmer decrement (2.87) for case B recombination at 10 4 K. The internal colour excess EB−V int is calculated using the relation given by Kong et al. (2002) .
where, Table 6 . To get an estimate of reddening for the other complexes we assigned E(B − V ) values depending on its proximity to the complex for which we have spectroscopically determined E(B − V ) value. In this way all the complexes can be put in extinction bins. Complexes C1, C4, C8, C9, C10, C11, C17, C20, C21, C22, C23, C25, C26 and C27 which are located in the inner region of the galaxy, having very red colour in the B − V image, indicative of presence of heavy internal extinction, have been assigned E(B − V )tot =0.45. Complexes C2, C3, C6 and C7 which lie on the north-east side of the nucleus can be put in the second bin with an intermediate value of E(B − V )tot = 0.32. In the third bin with E(B − V )tot = 0.15 complexes C12, C13, C14, C15 and C16 can be grouped, which are lying on the southern part of the galaxy. Remaining complexes namely C5, C18, C19 and C24 are considered to have lowest value of E(B − V )tot = 0.07. Our estimates of the internal reddening are similar to those of Ho, Filippenko & Sargent (1997) for the HII regions in the centres of nearby galaxies.
We would like to mention here that the observed FHα/F Hβ ratio for complex C18 is less than the assumed theoretical ratio of 2.87, moreover, the
ratio is about 16% unlike in the other complexes where it is found to be around 5-6%. Assuming 5-6% as the standard ratio, excess of 11% of the [NII] λ6548Å flux is added back to the Hα flux. Now the ratio of observed FHα/F Hβ for complex C18, after the stellar absorption correction is = 2.99, a little more than the theoretical 2.87 value, which translates to the colour excess EB−V int =0.07 as shown in Table  6 . From the reddening distribution on the face of the galaxy it is clear that the complexes C8, C9, C10, C11 have the highest reddening and complexes C18, C19 and C24 have the least reddening, it indicates that complexes C18, C19 and C24 which are in the south-east part of the galaxy, are towards the observer, whereas complexes C8, C9, C10, C11 occupy the region which is away from the observer; similar conclusion was also arrived at by Moiseev (2000). Figure 6 shows the colour-colour diagram for the complexes. Starburst99 ) model tracks are shown for solar metallicity with Salpeter IMF for mass ranging from 1 M⊙ to 100 M⊙. The complexes do not fall exactly on the tracks even after correcting for internal extinction. The deviation of complexes C2, C13, C17, C10, C23, C19 from the superimposed track may be due to the fainter detection limit in Hα than in the broad band filters, which resulted in more uncertainty in the colours. Also, a few complexes may have chaotic dust distribution which cannot be corrected completely with simple extinction correction. It has been observed by Weistrop et al. (2004) and Mayya & Prabhu (1996) that the continuum extinctions are about twice greater than the ones determined from spectroscopy and hence needs rigorous modelling (Calzetti et al. 1994) . Another possible explanation could be that these complexes have multiple populations embedded in them which is displacing their position away from the tracks. We try to investigate the possibility of multiple populations using models created from the Starburst99 model tracks. The Starburst99 model evolutionary tracks offer a range of initial conditions namely initial mass function (IMF), metallicity and mode of star formation i.e. continuous and instantaneous. The oxygen abundance for some bright knots were determined using medium resolution spectroscopy (Section 4.3) and it is found that the oxygen abundance is close to solar. We checked amongst the three possible IMF available with Starburst99 model and found it difficult to constrain the IMF using (U − B) and (B − V ) colours. So, we have adopted a Salpeter IMF with lower and upper mass limits of 1 M⊙ and 100 M⊙, which are commonly used for star forming regions. Out of the two possible models of star formation we have selected instantaneous burst as the star forming regions in our sample are similar to the star clusters or associations (Weistrop et al. 2004) . So the mixed population model is created from Starburst99 undergoing an instantaneous burst with Salpeter IMF in the mass range 1 M⊙ to 100 M⊙. We consider the recent burst to have an age between 0.01 Myr and 10 Myr and add a population 10 Myr older than this. Similarly we construct evolutionary tracks for current burst of age 0.01-10 Myr mixed with an older population seperated by 20, 30 and 200 Myr. Observed colours of many of the star forming complexes namely C3, C4, C8, C11, C12, C15 and C18 fit into these curves, giving us an idea about the plausible age range of the old population embedded in them. These curves trace a mix of equal proportion of young to old population. Next we consider the mix of young and old population in different proportions f , where f is the ratio of young to old component. Increasing contribution of young component (f >1.0) was considered by Diaz et al. (2000) in their study of HII regions of four different galaxies. We obtain model curves for f =0.1, 0.175 and 0.5 representing a young population of 10%, 17.5% and 50% of the older population, and f=1.5 representing the young population 1.5 times stronger than the old population.
DISCUSSION
Colour-colour diagrams
As seen in Figure 7 , complex C16 lies on the f =0.1 curve indicating that the strength of the recent burst is only 10% of the older burst that took place 10 Myr earlier. Similarly C5, C6, C12, C24, C25, C26, C27 fall on curves with different strengths of the current burst with respect to the burst that took place 10 Myr earlier. The complexes C3 and C15 clearly have an underlying component 20 Myr older than the current one, and it is likely that C8 may also have similarly older component. The underlying component in complexes C4, C10, C11 and C18 appear much older. It is interesting that the complexes C1 and C21 can be modelled with fairly evolved recent burst which is at 1% level of a 200 Myr old burst, and C17, C20, C22, C23 may also be modelled with small variations in the model. It thus appears possible that recurrent starbursts have taken place in the circumnuclear region about 200 Myr ago, and have taken place in the disk more recently. Allard et al. (2006) had reached similar conclusion on the circumnuclear ring of M100, that the star formation had occurred in a series of short bursts over the last 500 Myr triggered by the feeding of gas from the disk to the bar.
Age of the complexes
Because of the degeneracy between age and extinction, both producing a reddening, the age cannot be determined in a unique way from the colours. The difficulty is compounded by the presence of older bursts. However, the equivalent width of Hα can be used to estimate the age, as it decreases with age. Therefore, ages of the complexes are determined by comparing the equivalent width of the Hα emission line, measured from the continuum subtracted Hα image (Figure 3 ) of the galaxy with the Starburst99 model prediction and are listed in Table 5 . The spread in the age of the complexes is 3.24 to 6.45 Myr. We do not expect to see star forming regions with age less than 3 Myr, as they are buried deep in the molecular clouds, and greater than 7 Myr since the ionizing flux becomes too low to produce detectable Hα emission.
While a spectrum of OB stars distributed in an initial mass function ionize the star forming complexes, often the number of equivalent O5 stars is used as a measure of the size of the young cluster. The number of Lyman continuum photons emitted by an O5 star is of the order of 10 49 photons s −1 and log(N lym ) = 52.4 implies a total of 1000 O5 stars (Ravindranath & Prabhu 1998) . Table 5 gives the to- tal number of equivalent O5 stars in the HII complexes of NGC 1084.
Abundance estimates
Optical emission lines from star forming regions have long been the primary means of gas-phase chemical diagnosis in galaxies (Pagel 1986 , Aller 1990 , Shields 1990 and references therein). Optical emission line spectroscopy preferentially samples the warm ionized phase of the interstellar medium in the immediate vicinity of recent star formation events. Chemical analyses of these star forming regions require measurement of H and He recombination lines along with collisionally excited lines from one or more ionization states of heavy element species. Oxygen is the most commonly used metallicity indicator in the interstellar medium by virtue of its high relative abundance and strong emission lines in the optical part of the spectrum and also due to the fact that oxygen is an excellent coolant. Electron temperature drops with the increasing abundance of coolants and hence oxygen lines are also good indicator of electron temperature. The most precise method of determining the abundance of galaxies requires the detection of temperature sensitive [OIII] λ4363Å, an emission line which is often not detected in the metal rich galaxies. Kobulnicky et al. 1999 . We compared the results of these methods and found them to be agreeing well with each other, the average value is being treated as the oxygen abundance as shown in Table 6 . The temperature determination could not be made using the standard line ratio ([OIII] λ5007Å+ λ4959Å)/[OIII] λ4363Å as [OIII] λ4363Å was too weak to observe. From Table 6 , it is clear that the mean [NII]/Hα ratio for the spectroscopically observed complexes is ∼0.3, and the mean [SII]/Hα ratio is ∼0.25, except for the complex C18, which shows considerably larger value of [SII]/Hα ratio. The [SII]/Hα ratio can be used as a discriminant for shock heated versus photoionized gas (Blair & Long 1997 , Whitmore et al. 2005 . The regions which are heated due to radiative shocks occuring in relatively dense material (as is seen in supernovae remnants) tend to have [SII]/Hα > 0.4, whereas the regions which are photoionized by the light from hot stars (i.e. HII regions) are known to have lower values of [SII]/Hα (typically < 0.2). So, all the spectroscopically observed complexes, except for C5, C16, C18, appear to be purely photoionized. Complex C18 shows considerable differences as compared to others: it has a low value of internal reddening, low value of [NII]/[OII] ratio, but with intermediate range in Hα luminosity and colours. This unusual behaviour of complex C18 might be explained if this region has a very high supernova explosion rate. The number of supernovae observed in the last 40 yrs in this galaxy has been 3 which is moderately high. These are SN1961P, SN1996an and SN1998dl (the last two are TypeII events). Shocks due to older supernovae in the C18 regions might have ionized the medium and lowered the internal reddening by sweeping out the interstellar material.
To further analyse this issue we use the standard diagnostic diagrams of Veilleux & Osterbrock (1987) modified by Dopita et al. (2000) and Allen et al. (1998) as Mappings III. Figure 9 shows the plot of log([OIII]/Hβ) versus log([NII]/Hα) for spectroscopically observed complexes (refer Table 6 ) along with the Mappings III model prediction for HII regions for an instantaneous burst model adopted from Starburst99. Also plotted in the figure are the model predictions due to shock ionization. [OIII]/Hβ > 3 corresponds to photoionization of gas by non-thermal or power law type continuum radiation (Allard et al. 2006) . High [OIII] /Hβ values can arise in HII regions if the metallicity of the gas is sufficiently changing within the galaxy but as can be seen here metallicity remains constant over the face of the galaxy and hence the large fluctuations of the [OIII]/Hβ ratio within a galaxy suggest a variation of the ionizing mechanism .
From Figure 9 , complexes C5, C7, C16 and C18 are all . For explanation on models refer Dopita et al. (2000) and Allen et al. (1998). having [OIII]/Hβ > 1 and this value is similar to shock ionization in LINER nuclei of galaxies (Veilleux & Osterbrock 1987 , Allard et al. 2006 . Complex C16 falls right in the shock region of Mappings III model; closely following this complex are C18 and C5. By considering the above facts we can substantiate that complexes C16 and C18 form the shock affected region. From the mixed population colourcolour diagram (refer Figure 7) for complex C16, it is seen that the underlying older population present, is in the age range 10-20 Myr. Also the fraction of young to old component for C16 is 0.1 meaning that young recent burst component is 10% when compared to the older component or in other words the quantity of older population present is higher. Considering these two facts, one can see that the massive stars of the older population present in this region have undergone supernova explosion whose shells might have expanded sufficiently into space creating shocks. Such shocks can also induce further burst of star formation.
Star formation rate
The star formation indicators spanning from ultraviolet to radio are used to obtain the star formation rates in galaxies. The nebular lines effectively re-emit the stellar luminosity shortward of the Lyman limit, so they provide a direct probe of the young massive stellar population. Hydrogen recombination lines, specially Hα line flux have been used extensively to estimate the number of Lyman continuum photons that are being emitted by massive stars in the HII regions and star formation rates (Kennicutt 1983 , Kennicutt 1998 , Calzetti et al. 2005 . Since the main source contributing to the ionizing radiation are the stars with masses greater than 10 M⊙ and age less than 10 Myr, it is expected that the Hα flux is proportional to the number of photons produced by the young, hot stars and so the Hα flux provides a nearly instantaneous measure of the SFR, independent of the previous star formation history (Kennicutt 1998) . There are many calibrations available for conversion of Hα luminosity to SFR (Kennicutt 1983 , Dopita & Ryder 1994 , Leitherer & Heckman 1995 Table 5 .
Complexes C2, C3, C4, C7, C9 and C11 all have high star formation rate and from Figure 3 we can see that these complexes lie in the northern part of the galaxy in the spiral arms whereas other complexes namely C12-19 which lie in the southern part of the galaxy show a factor of 10 lower star formation. Complexes C20-23 which lie in the nuclear proximity, also show lower star formation. Complexes C12-17 which lie in the southern part of the galaxy, show relatively high Hα equivalent width, younger age but low SFR. Also, the CO map reveals high density of the molecular gas (Young et al. 1995) in the southern part of the galaxy. From the observed high Hα equivalent width, younger age and very low SFR, it appears that the south-west part of the galaxy represents young compact star forming regions. Similar compact star forming regions with extreme equivalent width of Hα are found in galaxy clusters Abell 539 and Abell 634 (Reverte et al. 2006) . It is proposed that the compact starburst in Abell 539 resulted because of the compression of the intergalactic clouds. We expect that in the southern part of NGC 1084, where the density of the molecular gas is high (Young et al. 1995) , similar compression of the gas could have caused the compact bursts of star formation.
We have also estimated the integrated Hα flux and Hα luminosity of the galaxy as 8. (Young et al. 1989 ). The corresponding luminosity at 60 µm using the relation given by Devereux et al. (1997) is 14.74 × 10 9 L⊙. For galaxies having S100µm/S60µm colour typical of spiral galaxies, the 60 µm luminosity represents ∼40% of the total luminosity in the range 1-1000 µm. The infrared luminosity in the range 1-1000 µm can be used to estimate star formation rate of the galaxy using relation given by Scoville & Young (1983) . The star formation rate for NGC 1084 using FIR luminosity is 2.84 M⊙yr −1 , which is in good agreement with our estimate of SFR using Hα flux. Clearly, the star formation rate is high but not as high so as to classify this galaxy as a starburst.
NGC 1084 is known to have kinematically distinct regions in the central part (R < 5 ′′ ) and in the periphery of the galaxy at R = 40 ′′ − 50 ′′ to the north-east from the centre. The central peculiarity was thought to arise due to the presence of a minibar, but in the absence of observational signature of a bar in the optical and H band image it is interpreted as a result of triaxial potential (Fridman et al. 2005) . The fast moving region with non-circular motion in the periphery of the galaxy termed as "spur" (shown in Figure 3 ) extends up to 1-2 kpc and is observed in the regions located in between the HII complexes C3, C4 and beyond, which is accompanied by sharp rise in the [NII]/Hα ratio compared to those of neighbouring HII regions (Moiseev 2000), indicative of the presence of strong shock waves. The higher value of [OIII]/Hβ and also moderate value of [NII]/Hα ratio for complex C5 (Figure 9) indicates the influence of a mild shock. The enhanced [NII]/Hα ratio and the noncircular motion in the outer region of the galaxy is explained by Moiseev (2000) as due to a possible infall of extraplanar high-velocity clouds or tidal disruption and accretion of a small galaxy. From our analysis, discussed in Section 4, southern and eastern regions of the galaxy comprising complexes C12, C13, C14, C15, C16, C18, C19 and C24 are less obscured from dust as is evident from the reddening value which is 0.07 < E(B-V) < 0.15 mag for this region. Hence the south-eastern region (C18, C19, C24, C15, C14) of the galaxy disk is the nearest to the observer. These regions have very little star formation evident from their star formation rates (refer Table 5 ). From the colour-colour mixed population diagram (Figure 7) , it is also evident that complexes C12, C16 and C24 are forming young stars (< 6 Myr) but only in a small fraction (∼10%) compared to the old population already present. Northern complexes namely C2, C3, C4, C6, C7, C8, C9 all have reddening in the range 0.3 < E(B-V) < 0.5 mag, indicating that they lie on the far side of the disk from the observer. Moiseev (2000) detected velocity anomalies in the "spur" region, wherein the redshifted residual velocities for the gas are nearer to complexes C2, C3 and blueshifted residual velocities for the gas flow are detected nearer to the complexes C4, C5 and C25 region, indicating an off-center rotating polar ring showing us the receding and approaching parts. From the mixed population evolutionary tracks (Figure 7) , we find evidence for a starburst 10 Myr before the current one in several complexes: C5, C6, C12, C16, C18, C24, C25, C26, C27. An earlier starburst separated by 20-30 Myr may be present in complexes C3, C8 and C15. Still older starbursts may be present in complexes C4, C10, C11 and C18, but are not easy to distinguish due to the recent strong burst. However, C1, C17, C20, C21, C22, C23 provide indications of a weak burst superposed on a 200 Myr old population. The 1.49 GHz map of NGC 1084 obtained with VLA by Condon (1987) shows strong emission coincident with northern complexes (C2, C3, C4, C7, C9). This map shows another radio source ∼3 ′ .5 south-west of the centre of NGC 1084, and also a bridge connecting the disk of NGC 1084. A small island of strong Hα source (Moiseev 2000) lies on this bridge and also a blue region seen in our B − V map (Figure 2) . Moiseev (2000) proposed that NGC 1084 may have interacted and merged with a gas rich dwarf galaxy recently. A recurrent burst of star formation may have occurred in the circumnuclear region 200 Myr ago due to this interaction. Our mixed population models, show recurrent starbursts over the last 40 Myr. Deeper optical, IR and HI observations are needed to ascertain the nature of Condon (1987) source and its relationship with NGC 1084.
CONCLUSION
Broad band U BV RI, narrow band Hα photometric and spectroscopic studies of the star forming regions of NGC 1084 are presented. The total star formation rate in this galaxy is found to be 2.8 M⊙yr −1 , not so high as to classify this galaxy as a starburst galaxy. Star formation in this galaxy is highly chaotic wherein the star formation is not confined to the spiral arms only. This galaxy is forming stars at different rates in the northern and southern regions. Northern part of the galaxy shows bulk production of massive stars as is evident from the SFR in the range of 0.3 < SFR < 0.5 M⊙yr −1 for individual complexes. Southern part of the galaxy shows much lower star formation and at a much lower proportion compared to the earlier bursts. Ages of recently formed young stars in the southern region are < 4 Myr whereas the northern complexes have ages in the range 5-6 Myr. Bulk production of stars in the northern region is attributed to a series of shorter bursts of star formation over the past 40 Myr, possibly due to interaction and merger with a gas rich dwarf galaxy. There is a radio source 3 ′ .5 south-west of the galaxy, connected to it by a bridge (Condon 1987), and it would be of interest to understand the nature of this source. Differences found in the star formation parameters in the northern and southern part of the galaxy disk are not seen in metallicity. All the spectroscopically observed complexes show metallicities close to solar.
